Background: Information about renal function is important for drug safety studies using administrative health databases. However, serum creatinine values are seldom available in these registries. Our aim was to develop and test a simple scheme for stratification of renal function without access to laboratory test results.
Introduction
Population-wide administrative health databases are frequently used for observational Post Authorization Safety Studies (PASS) of new drugs. Such studies have many advantages: they are quick and easy to perform; it is often possible to study of outcomes in small subgroups due to large number of patients; few patients are lost to follow-up; and selection bias is seldom a problem when whole populations are included. It is even possible to study the consequences of off-label use and drugs taken by patients with contraindications, which may happen in the real world even if it should not.
An important limitation with many of these registers is that they miss detailed information about renal function. Many drugs are excreted via the kidneys, and chronic kidney disease (CKD) may lead to drug accumulation and drug toxicity. A diagnostic code for CKD in one of these registers is often just a binary yes or no, which may cover almost any degree of renal impairment from a slightly elevated S-creatinine to end-stage renal failure.
Attempts have been made to stage CKD from International Classification of Diseases (ICD) codes (International Classfication of Diseases) and claims codes [1] [2] [3] [4] [5] . Validation studies of these schemes have been disappointing and have shown that administrative databases generally have insufficient sensitivity and positive predictive value (PPV) to allow for stratified analyses according to renal function.
However, registries hold more information than just diagnoses. There is other information that could be used as surrogate markers of the severity of renal disease, for example, whether phosphate binders and other drugs used in CKD are used or not, the duration of disease, the frequency of hospitalizations or contacts for CKD, if there was dialysis or surgery for vascular access and so on.
The aim of this study was to develop and test a surrogate method to grade renal function for research purposes when laboratory test values are unavailable.
Materials and methods
We constructed a scheme for classification of renal function aiming at the stratification of patients according to the assumed estimated glomerular filtration rate (eGFR). The unit for eGFR is mL/min/1.73 m 2 . In the following, eGFR values are presented without unit for brevity.
The scheme aims to differentiate between the following eGFR strata: >30, 30-59, 60-89 and 90. The scheme is presented as a flow chart in Figure 1 . The diagnostic and procedure codes used, with plain text translation, are listed in Table 1 .
The scheme was tested and validated in Stockholm CREAtinine Measurements (SCREAM) database [6] , a healthcare utilization cohort from the region of Stockholm, Sweden, where serum creatinine was measured in 1.3 million adults during 2006-11 in connection to a healthcare consultation in ambulatory or hospital care. Laboratory data was, thereafter, linked via each citizen's personal identification number of administrative records containing diagnostic codes (ICD-10 classification), therapeutic procedures (codes issued by the Nordic MedicoStatistical Committee, NOMESCO), validated renal endpoints (undergoing dialysis of renal transplantation) and pharmacyfilled claims [6] .
The regional healthcare utilization register contains information on all ICD-10 diagnoses and therapeutic procedures issued in ambulatory or inpatient care in the region of Stockholm since the system was adopted in Sweden in 1997. The Swedish Dispensed Drug register stores records of all pharmacy-dispensed prescriptions in Sweden since 1 July 2005. All pharmacies in the country are required to participate by law, and information is transferred electronically whenever a prescribed drug is dispensed. It does not contain information about prescriptions that were not dispensed, drugs used during hospital stays and over-the-counter drugs.
The study population considered for this analysis consisted of adult SCREAM individuals (18 years). We discarded all measurements taken in connection with a hospital stay (n ¼ 2 415 743) because we assumed that a high proportion of these samples represented acute illness rather than a potential underlying chronic renal disease. We also discarded all measurements from non-residents in the Stockholm County (n ¼ 203 326), implausible serum-creatinine concentrations (i.e. below 25 or above 1500 mmol/L; n ¼ 1808), and measurements recorded after a renal transplantation (n ¼ 50 843). In cases where there were concurrent serum creatinine measurements on the same day, we took their median value. Index date was defined as the date of the most recent measurement, and we obtained 1 126 952 individuals with 5 352 191 measurements eligible for the study.
The 2009 CKD-EPI creatinine-based equation [7] was used for calculation of eGFR. We estimated renal function at index date, For each patient, scheme-based classifications of renal function were made based on the presence or absence of diagnoses, contacts, drugs or procedures according to the schemes. This classification was then compared with the classification obtained through measured creatinine values, which was used as the gold standard.
We computed accuracy and Cohen's Kappa statistics comparing the predicted CKD categories with the observed ones, and also performed McNemar's test of agreement. Furthermore, we computed sensitivity, specificity, PPV and negative predictive value (NPV) in discriminating each CKD category against the remaining ones pooled together. All analyses were performed using R (R Foundation for Statistical Computing, Vienna, Austria).
The regional Ethical Review Board and the Swedish National Board of Health and Welfare approved the study for use of deidentified data. The study conforms to the Declaration of Helsinki.
Results

Renal function in the validation cohort
The study population consisted of 1 126 954 individuals, who contributed a total of more than 5.2 million creatinine measurements. The median age was 52.8 years [interquartile interval (IQI) 37.7-67.5] and 54.2% were females. Median eGFR was 94.4 (IQI 80.5-107.8). More than 92% had normal or near normal eGFR 60 (n ¼ 1 038 461, Figure 2 ), 6.9% had eGFR 30-59 (n ¼ 77 286) and 1.0% had eGFR <30 (n ¼ 11 207). Mean and median eGFR values declined with age, from 120 at the age of 30 years to 60 at the age of 90 years ( Figure 3) . The proportion of patients with a diagnosis of CKD increased with more severe degrees of CKD, thus only 11.8% of patients with eGFR <60 and 52.5% of patients with eGFR <30 had a CKD diagnosis in the register. Among patients on dialysis, 99.1% also had a registry diagnosis of renal failure. There was a widespread underreporting of CKD in the elderly population.
Scheme validation
The correspondence between the scheme-derived stratification and the eGFR-based stratification, used as reference, is presented in Table 2 . The full four-graded scheme (Scheme A) created groups with mean eGFR values in the targeted intervals, but the distribution was wide in all groups (Figure 4, left panel) . The overall accuracy was only 59.4% [95% confidence interval (CI) 59.3-59.4%]. Cohen's Kappa statistic was low, 0.02, and McNemar's test was significant indicating lack of agreement between predicted and observed values. Nonetheless, the scheme identified patients with eGFR <30 with a PPV of 93.5% and NPV of 99.2% ( Figure 5) .
The four-graded scheme was clearly incapable of differentiating between eGFR 60-89 and eGFR 90, largely due to the infrequent use of CKD diagnoses among elderly patients who typically have eGFR in the 60-89 range. The attempts to differentiate between these strata was abandoned, and all patients with eGFR 60 were combined into one group, thus making the scheme three-graded (Scheme B). This modification resulted in a 
Stratification by age
Given the age-related decline in renal function, and the infrequent use of codes for CKD among the elderly, we proceeded with stratification according to age quartiles. This showed that the sensitivity for advanced CKD was higher in younger age groups; 68.2% in the lowest quartile below 38 years compared with 10.7% in the highest quartile older than 68 years ( Figure 5 ). When the scheme classified patients as GFR <30 it was correct in 87.8% of patients in the lowest age group, and increased up to 95.4% of the cases in the highest age group. Conversely, when the scheme said that a patient had normal or near-normal renal function, it was true for almost all patients below 68 years, and for about three-quarters of the patients older than 68 years. Accordingly, the accuracy was well above 90% in all but the highest age quartile (99.9, 99.5, 97.3 and 73.3%, respectively). Cohen's Kappa was 53.9, 42.2, 26.2 and 7.4 in the respective age quartiles. Staging CKD from registry data for safety studies | 257
Discussion
We have shown that it is possible to achieve a crude grading of renal function without access to laboratory test values. Our scheme was, however, not able to discriminate between normal renal function and age-related decline of renal function or CKD in early stages. As shown here, and in other international registers [8] [9] [10] [11] , there is an important underutilization of ICD diagnostic codes for CKD in healthcare, overall emphasizing the importance of estimating CKD on the basis of laboratory values. However, most general administrative registers and claims databases lack information about renal function, which is important, for instance, for studies on pharmacovigilance or drug safety in real-life settings.
Because of this underutilization of diagnostic codes for CKD among the elderly, many individuals with advanced CKD are not identified by our scheme (low sensitivity). The age-related decline of renal function may be seen as a part of the aging process, in the same way as the reduction of pulmonary function, reduction of physical strength, atherosclerotic changes, etc.
The stratification into age quartiles showed that the sensitivity and performance of the scheme was better among younger than among older patients, which is consistent with what has just been said about underutilization of diagnoses. The study population was relatively young (mean age 52.8 years), and the cut-off age for the highest quartile was only 68 years. Many patients in pharmacovigilance studies are well past that age. A scheme that identifies two-thirds of patients with eGFR <30 in a population below 38 years may not be very useful in a retired population, where it only can identify 1 out of 10.
However, the high PPV of the scheme makes it possible to identify a subgroup with a 93.5% probability of having an eGFR <30. For studies where it is more important to identify a group with eGFR <30 with a high degree of certainty than to identify all patients with poor renal function, this scheme may be useful.
Access to actual eGFR values would of course be better, but if this information is not available and the advantages with Big Data make it desirable to go on without eGFR values, this scheme may be of value as it offers more information than a simple yes/no to a previous diagnosis of renal disease.
Our experiences of the under-reporting of CKD by diagnostic codes has been observed previously by a number of study groups [1] [2] [3] [4] [5] who have tried to identify CKD patients by means of diagnostic or claims codes. All these studies reported much lower sensitivity than specificity, just as we do in our study.
What is new with our study is that it uses information other than diagnostic codes, and that it stratifies renal function, instead of simply categorizing patients in a binary way as having CKD or not. Moreover, this study, with over 1 million patients and over 5 million creatinine measurements, is by far the largest study in this field that has ever been published, as far as we know.
Despite the scale of the study, it is not certain that the scheme would perform well in another database or in another country where healthcare registration is organized in a different way. Although different versions of the ICD coding system have been in use in different parts of the world, it is generally not difficult to translate from one version to another. Translation of codes for diagnostic and surgical procedures may be a greater challenge since there is no universally accepted list for these. The exact meaning of the NOMESCO codes used in our scheme study are listed in Table 1 in order to facilitate adoption to other countries. We think it is desirable that the scheme is evaluated in other settings with openness for modifications/adaptations to those other contexts.
Conclusion
The likelihood that patients identified as having poor renal function by our scheme is high. The scheme may, therefore, be useful for pharmacovigilance studies using administrative registries lacking information about creatinine values. The sensitivity for detection of CKD, especially in the elderly, is poor.
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